We report the interplay between charge-density-wave (CDW) and superconductivity of 1T -FexTa1−xS2 (0 ≤ x ≤ 0.05) single crystals. The CDW order is gradually suppressed by Fe-doping, accompanied by the disappearance of pseudogap/Mott-gap as shown by the density functional theory (DFT) calculations. The superconducting state develops at low temperatures within the CDW state for the samples with the moderate doping levels. The superconductivity strongly depends on x within a narrow range, and the maximum superconducting transition temperature is 2.8 K as x = 0.02. We propose that the induced superconductivity and CDW phases are separated in real space. For high doping level (x > 0.04), the Anderson localization (AL) state appears, resulting in a large increase of resistivity. We present a complete electronic phase diagram of 1T -FexTa1−xS2 system that shows a dome-like Tc(x).
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I. INTRODUCTION
The relationship between superconductivity and charge-density-wave (CDW) is debated for several decades. The idea that superconductivity and CDW are competing electronic states is one of the fundamental concepts of condensed-matter physics, [1] [2] [3] and the coexistence of superconductivity and other electronic states is the other one. [4] [5] [6] For high-T c copper oxide superconductor, the magnetic order and superconductivity nearly has no overlapping from the phase diagram, while for Fe-based superconductor the coexistence of spin-density-wave (SDW) and superconductivity can be clearly observed. [1] [2] [3] [4] 7 And for transition-metal dichalcogenide compounds (TMDCs) MX 2 where M is a group 4 or 5 metal and X=S, Se, or Te, the experimental results have shown that the charge-order can boost superconductivity in an electron-phonon coupled system 2H-NbSe 2 ,
8 and the CDW and superconductivity states can coexist in 1T -Cu x TiSe 2 , 9-11 while there is a competition between the superconductivity and the CDW in 2H-Na x TaS 2 system.
12 So the nature of the interplay between CDW and superconductivity remains to be further elucidated, and the layered TMDCs may be one of the ideal candidates.
In the family of TMDCs, two basic structures of TaS 2 were found and defined by the different orientation of stacking chalcogensheets, one is 2H-TaS 2 with Ta in trigonal prismatic coordination with S atoms, and the other one is 1T -TaS 2 with Ta in octahedral coordination with S atoms. For 1T -TaS 2 , with decreasing temperature, exhibits incommensurate, nearly commensurate, and commensurate CDWs. 13, 14 The commensurate CDW (CCDW) phase accompanies periodic lattice distortions that form a supercell with star-of-David clusters. 15 The CDW can induce the gap near the Fermi level by the lattice distortions. However, the CDW insulating phase can be inhibited by the external pressure, 14 disorder,
16
and photo-excitation 17 in 1T -TaS 2 system, and hence the metallic state or superconductivity may arise in this system. It is worthwhile to investigate 1T -TaS 2 system by doping, since the doping can effectively modify the band structure by altering the crystal structure and carriers concentration, and thereby affect the CDW state and potentially induce new collective states.
In this paper, we present the combined experimental and theoretical studies of the superconductivity of 1T -Fe x Ta 1−x S 2 single crystals and report a complete electronic phase diagram of 1T -Fe x Ta 1−x S 2 system which shows a dome-like T c (x). This finding complements the recent discovery of pressure induced superconductivity in 1T -TaS 2 .
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II. EXPERIMENT
The 1T -Fe x Ta 1−x S 2 single crystals were grown via the chemical vapor transport (CVT) method with iodine as a transport agent, the sample stoichiometry and structure were verified by X-ray energy dispersive spectroscopy (EDS) of a scanning electron microscope (SEM) and inductively coupled plasma atomic emission spectrometry (ICP-AES). The resistivity and the Seebeck effect were measured in a Quantum Design physical property measurement system (PPMS), and the magnetization measurements were performed on a superconducting quantum interference device (SQUID) system. The electronic structure calculations were performed in the framework of density functional theory (DFT) within the localdensity approximation (LDA), using the ABINIT code.
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Normconserving pseudopotentials and a plane-wave basis set with a kinetic energy cutoff of 1600 eV were used. For the undistorted 1T -phase a 14 × 14 × 8 Monkhorst k-point sampling was used, while for the CCDW phase, a 6×6×8 mesh of k-point was used. In order to describe the strong correlation of electrons in Mott-Hubbard physics, we adopted a LDA+U method where U is the onsite Coulomb repulsion.
III. RESULTS AND DISCUSSION
The in-plane resistivity (ρ ab ) measurements on 1T -Fe x Ta 1−x S 2 single crystals using standard 4-point technique are shown in Fig. 1(a) . For the x ≤ 0.04 samples, the resistivity decreases with the increasing of x until x > 0.02 and then increases. For the x > 0.04 samples, the resistivity shows large increase especially in the low-temperatures range, which should be due to the Anderson localization (AL) of the conduction electrons by the random potential, which is consistent with the early reports. 19, 20 Furthermore, the low-temperature CCDW phase is suppressed for x ≥ 0.01, and interestingly the signature of superconductivity appears at 2.8 and 2.6 K for x = 0.02 and 0.03, respectively, while no superconductivity appears for x ≥ 0.04 down to 2 K (see the inset of Fig. 1(a) ). The maximum zero resistivity temperature is about 2.1 K at x = 0.02. So it may be the optimal doping and we study this composition in detail in the following part.
The transitions from the incommensurate CDW (IC-CDW) to the nearly CCDW (NCCDW) at high temperatures, which behave as the resistivity suddenly increases in the temperature range of 350-330 K, keep existing as x ≤ 0.04 (see Fig. 1(b) ). The inset of Fig. 1(b) shows the temperature dependence of thermopower (S) for the x = 0 and 0.03 samples. For the x = 0 sample, S changes signs at about 350 K and 140 K, which can be attributed to the NCCDW and CCDW transitions, respectively.
21
While there is only one transition at about 340 K for the x = 0.03 sample. This observation is in agreement with the step in the resistivity curve that is corresponding to the NCCDW phase transition. It indicates that the CCDW phase disappears, while the NCCDW phase still remains even after 3% Fe doping. Moreover, the Seebeck coefficient of the x = 0.03 sample becomes more negative in the whole temperature range, suggesting that Fe acts at least in part as an n-type doping.
The temperature dependence of magnetic susceptibility for Fe 0.02 Ta 0.98 S 2 at 10 Oe as H ab is plotted in Fig. 2 . The diamagnetism appears in the low temperature region, which further confirms the existence of superconductivity. Also the steep transition in M (T ) curve indicates that the sample is rather homogeneous. The superconducting transition temperature is about 2.1 K that is defined by the onset point of the zero-field-cooling (ZFC) and field-cooling (FC) curves . The smaller magnetization value for FC is likely due to the complicated magnetic flux pinning effects. 22 The value of -4πχ at 0.5 K is about 75% where the demagnetization factor is negligible for H ab, implying the bulk superconductivity of Fe 0.02 Ta In order to elucidate the Fe-doping effect on the properties of the host 1T -TaS 2 , we carried out theoretical calculation by DFT (shown in Fig. 3) . We model the √ 13 × √ 13 × 2 supercell which contains at least onesite substitution of Ta atom by Fe atom (1/26 doping level). Figures 3(a) and 3(b) show the calculated Fermi surfaces (FS) for the undistorted 1T structure and the reconstructed CCDW superstructure, respectively, which clearly show that the undistorted 1T -TaS 2 has a quasi-two-dimensional Fermi surface, while the CCDW phase has a quasi-one-dimensional Fermi surface. Figure 3(c) shows the calculated energy band structure near the Fermi leve for the ideal/undistorted 1T -phase and the reconstructed CCDW superstructure. For the ideal/undistorted 1T structure, the Ta-d bands cross the Fermi level E F and strongly disperse along Γ-M -K-Γ and A-L-H-A, which leads to a good metallic character. Along Γ-A only weak dispersion on the Fermi level is left, consistent with the quasi-2D character of the 1T -phase structure. The relaxed CCDW structure shows the star-of-David clusters in which the first and second rings of Ta atoms averagely contract inwards by 5-6%. The Ta star-of-David clusters lead the Ta-d state to become localized in the in-plane directions, which results in a localized uppermost band along Γ-M -K-Γ at about -0.3 eV. The band at the Fermi level disperses only along Γ-A direction, indicating the existence of quasi-one-dimensional Fermi surface (see Fig. 3(b) ) that allows that electrons conduct only along the c-axis, and the ab-plane conductivity becomes worse in CCDW structure. Figure 3(d) shows the density of states (DOS) for the undistorted 1T -TaS 2 and the distorted CCDW structure. For the undistorted 1T -phase, a large DOS locates at the Fermi level. However, in the CCDW structure, the DOS near the Fermi level shows a pseudogap structure, resulting in a semimetal conduction. Considering the correlation of Ta-d electrons, we applied LDA+U method to the CCDW structure, where the effective on-site Coulomb U is set to be 0.5 eV (by using this value, the calculated gap is closed to the experimentally observed gap of 180 meV from angle-resolved photoemission spectroscopy 23 ). The calculated results show that a deep Mott gap develops and the localized states form at the Fermi level, which accounts for the experimentally observed insulating conduction behavior at low temperatures. By Fedoping, the energy gap disappears due to the suppression of CCDW distortions (see Fig. 3(e) ), and also the Fe-3d band partially contributes to the DOS at the Fermi level (the calculated atom-projected DOS are not shown in figures), which could contribute to the metallic character for Fe x Ta 1−x S 2 and consistent with the thermopower results.
Finally, the overall behavior of this system is summarized as the electronic phase diagram presented in Fig. 4 . By using Fe doping as a controlled tuning parameter, the CDW transition of 1T -TaS 2 is driven in temperature, and a new superconducting state emerges. The dependence of the superconducting transition temperature on the iron content T c (x) shows a domelike structure, characteristically found in the electronic phase diagrams of some heavy fermion and layered organic superconductors.
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Furthermore, the superconductivity strongly depends on x, and only occurs in the narrow doping level. The superconductivity appears for x > 0.01, going through a maximum of 2.8 K as x = 0.02, followed by a decrease before the chemical phase boundary (x = 0.04) is reached. The Fe-doping results in a tendency towards breaking the long-range CCDW order. The superconductivity can develop within the metallic interdomain regions in the NCCDW phase. The induced superconductivity and the CDW compete with each other and are of intrinsic phaseseparation character. On the other hand the electronphonon interaction in CDW domains may also play an important role in the observed superconductivity. 27 The similar superconductivity induced by K-doping upon inhibiting the long-range CDW order in BaBiO 3 system was observed previously.
28 As x ≥ 0.05, the Anderson localization state due to the random potential results in a large resistivity increase, especially for low temperature resistivity.
IV. CONCLUSION
In summary, we have investigated the 1T -Fe x Ta 1−x S 2 single crystals by experiment and theoretical calculation and presented the electronic phase diagram for 1T -Fe x Ta 1−x S 2 single crystals. We found that with the suppression of the CCDW, the superconducting state appears at low temperatures as 0.01 < x < 0.04, while the NCCDW exists all the same. It may suggest that these two phases can coexist and keep the balance in favor of superconductivity until x ≥ 0.04. We propose that the induced superconductivity and CDW phases are separated in real space. The maximum superconducting transition temperature is 2.8 K as x = 0.02, and a dome-like T c (x) is obtained. The calculated DOS near the Fermi level for the un-doped and the Fe-doped 1T -TaS 2 show that the Mott gap disappears after Fe doping and the Fe-3d band partially contributes to the DOS at the Fermi level, which may contribute to the metallic and superconducting character. For x > 0.04, the Anderson localization state appears, resulting in a large increase of resistivity.
